This was found to give a more constant-and shorter-period of "running out", a higher incidence of xerophthalmia and, at the same time, a greater response to curative doses than the diets described in our two earlier papers, and has now been in continuous use since 1936. The improvement in the diet is, in our opinion, due mainly to two causes. First, the constituents carrying vitamin B1 and the vitamin B2 complex have been increased from 5°in diets A and B [Bacharach, 1933] to 10% in diets C and F (2.5 % yeast extract is included to increase general palatability and ease of mixing, although it is a poorer source of water-soluble vitamins than an equivalent weight of the solids of dried yeast). A modified diet F containing an extra 5 % of dried yeast was found by experiment to be in no way superior to diet F, which we therefore consider to contain at least optimal amounts of the necessary water-soluble vitamins. Secondly, alcohol extraction removes traces of vitamin A from the casein without seriously affecting its biological value. Maitra & Moore [1939] have recently shown that "light-white" casein (that is, sodium caseinogenate) contains traces of vitamin A; it is almost certain that our casein contains similar traces before extraction with alcohol which is thus a more efficient method of removing such traces than is dry heating, besides being free from other objections.
We were interested to discover how far diet F approached the "ideal" laid down in our earlier paper. Would it, in fact, if supplemented with adequate vitamin A, permit young stock animals at least to grow normally, if not also to achieve normal fertility and a normal life-span?
Preliminary experiments suggested some residual inadequacy of diet F. The difference between animals receiving the diet with a (relatively) large supplement of vitamin A and those receiving our stock diet was shown in growth rates differing appreciably and probably significantly, though this difference was much less than was obtained in a comparison of the earlier diet C with the stock diet. Careful scrutiny of the constituents of diet F had failed to indicate any obvious dietary deficiency, when, for us, a most fortunate discussion of the whole question with Prof. A. Sordelli caused him to suggest an investigation into the relative palatabilities, as judged by the consumptions, of the two diets under apparently identical conditions. Although a little alarmed at the prospect, we decided to undertake the paired-feeding experiment which, it seemed to us, alone could settle the question.
Actually, " triad-feeding " was necessary, so as to have three strictly comparable groups of animals receiving, respectively, unlimited diet F (with carotene supplement), stock diet limited to the intake level of diet F and unlimited stock diet. The two diets had almost exactly equal calorific values. The animals on diet F received a daily ration of 20 ,ug. purified ,-carotene. There were 12 males and 12 females in each group except the ad libitum stock diet group, for which only 11 females were available. In Table 1 the results have been given for the two sexes separately. In Fig. 1 , combined growth curves are shown. For reasons not germane to the nature of the experiment, the fat-free wheat germ (2-5 %) was omitted from this diet. This slightly reduced the intake of aneurin and of certain constituents of the vitamin B2 complex, but any difference in effect of the two diets can only have been in very small measure due to such a change; this is shown by the behaviour of the negative controls, for which diet F actually appeared more drastically deficient than diet G (see below). 10 g. of either diet furnished between 15 and 30,ug. (5 to 10 i.u.) of aneurin per day; vitamin B1 shortage is not, therefore, a limiting factor in either. The proximate analyses (calculated) of the two diets were: t Calculated from the data of the experiment itself. Response = a + b log dose. method of Irwin [1937] . The doses of oil fed (twice a week) were equivalent to daily doses of 1-84 and 3-67 mg., the doses of Standard to 2 and 4 i.u. Every set1 of isogenic animals was represented by one animal in each dosage group and in some instances by a negative control. The period of test was 5 weeks. Only those sets of isogenic animals in which all 4 dosed animals survived the test period without loss in weight have been included for purposes of calculation. Actually there were 5 males that died on the routine diet F, and 2 females that lost weight, but survived; the corresponding figures for the modified diet were 2 males, and 1 male and 1 female. One set of females on the modified diet has been omitted because of an accidental injury to one animal in the set.
Tests for significance have revealed certain points that bear on the questions raised earlier in this paper. The error of each of the 4 assays-taking the 2 diets and the 2 sexes separately-has been calculated from the responses obtained, according to the method of Irwin [1937] . No one of the assay values differs significantly from any of the others, though clearly those obtained with male rats are more trustworthy than those obtained with females. Further, the introduction of coconut meal into diet F and its transformation thereby into modified diet G has been accompanied by a marked lowering of its utility, especially when female rats are being used. It has, in fact, made females useless for the assay. Our finding as to the relative superiority of bucks over does for vitamin A assay-and the explanation of this superiority-is in good agreement, in spite of our different attack on the problem, with that of Coward [1932] . We have also compared our results with the findings of Coward [1933] as to the effect of the length of a test on its accuracy. We have calculated the values obtained with male rats on our routine diet for the 3-week, as well as for the 5-week, period and have found (Table 3) no increase in accuracy as the result of prolonging the test. In this respect, we differ slightly from Coward [1933] who obtained an increase in accuracy with the longer test period, but not sufficient to make worth while the extra work involved.
More detailed information about the responses given by the various groups of animals is summarized in Table 4 , where the effects of modifying the diet and of the sex of the experimental animals are shown on the standard deviations of the responses and on the slopes of the various contributory response curves as well as on the standard deviations of these slopes. The lower errors, are, in part, associated with lower mean responses, but their correlation is found not to be significant; calculation of the coefficients of variation (the standard deviations expressed as percentages of the mean responses) shows no evidence of any trend.
1 It is suggested that, to avoid a source of confusion from which the literature is by no means free, the word "group" be strictly confined in this kind of experiment to animals receiving the same dose, while the terms " litter", "set", " series" etc., as applicable, be used for the collection of individual animals over which the different doses are distributed.
Biochem The females on the routine diet showed a coefficient of 19 %, the males on the modified diet 29 % and both the other two groups of animals 32 %; the coefficient was bigher for the lower doses and slightly lower for the routine diet than for the modified diet. Table 4 makes clear, however, that the main effect of sex and diet modification has been on the values of b, the slopes of the contributory and mean response curves. The "discrimination" shown by the animals-that is to say, the extent of the difference in response to a given difference in doses-was greater for males than for females, and greater on the routine diet than on the modified diet. In 3 out of 4 instances, males on the modified diet and females on either diet, the value of b was higher for vitamin A than for carotene. In this respect our findings appear to differ from those of Mead et al. [1939] (18) 49 (18) 37 (18) 67 (18) No. of animals in brackets.
* From weaning, at 20-25 days old. t For the difference of these two means, P =0-006.
t 83 %, including two animals with eye abscesses. either sex die slightlyearlier and show a slightly higher incidence ofxerophthalmia on the routine diet than on the modified, though most of the differences appear to have a very low degree of statistical significance. The value of P, however, for the difference in mean ages at death of the two groups of male animals is 0006, indicating a highly significant difference.
Some, if not all, of the results of this experiment that have been discussed might be attributed to the presence of traces of vitamin A in the coconut meal, but such an occurrence can hardly have any bearing on sex difference in response to doses of vitamin A. Speculation as to the relation of these differences in " slope " or discrimination, and still more of the differences in mean response, to the metabolism of carotene and vitamin A does not seem to us likely to serve a very useful purpose. We have been concerned rather with a study of methods of assay than of physiological processes. The results are presented in the hope that they may assist others who are involved in the difficult task of attempting to carry out quantitative measurement with biological material showing as low a variability as can be brought about by nature (inbreeding) and nurture (standardization of conditions before and during the experimental period). It would seem pertinent in this connexion to refer here to certain other results obtained as a result of a large-scale experiment carried out by us some 3 years ago. These results serve to throw into relief a fact that is generally recognized, yet appears frequently to be overlooked by investigators making wellmeaning efforts to increase the accuracy of biological tests to an extent rendered impossible by the nature of the experimental material.
In our earlier paper [Bacharach, 1933] we described broadly the genetic and environmental history of our experimental animals; we venture to claim that the 35-2 intensity of our drive towards uniformity could hardly be increased. Thus, over half the animals will differ by more than 20 g. from the mean; one third will differ by more than 30 g. from the mean. Of every 22 animals one will differ by 60 g. from the mean.
Examination of the individual protocols failed to reveal any appearance of correlation between size of litter from which the triad had been taken and initial or final weight of the animals, or between these weights and the age (in days) at weaning, that is, removal from the mother. (Young rats begin to consume food for themselves several days before the usual "weaning" time of 20-23 days.)
It did, however, appear that there was a marked correlation between the initial and final weights of an animal. The animals were accordingly divided'into two series, which had differed slightly in pre-experimental history, because the differences between the mean weights at 30 days old were significant (P=0001), although those at 120 days were not (P= 0.45). It was not legitimate, therefore, tio te8t the correlation between initial and final weights on all the animals treated as one series, and the correlation coefficients were accordingly calculated for the two series separately. The figures for initial and final body-weights are shown in Table 6 . It will be noted that the animals in Series I remain consistently ahead of those in Series II, although the difference has ceased to be significant at 120 days, because of the intervening great increase in weights. These figures-and others in our possession-point clearly to the lasting effect of initial differences in weight; a poorer beginning confers a permanent handicap. In tests involving the use of weight increases, a more important consideration is the relation, if any, between the initial weight of an animal and its subsequent increase in weight. Inspection of the individual figures suggested that a correlation of this kind would be found in animals in Series I; calculation of the correlation coefficient showed this to be so. On the other hand, there was no correlation at all between initial weight and increase in weight of the animals in Series II. The animals in Series I were taken from our general breeding stock, and we have long regarded animals of this type as unsuitable for vitamin A assay, owing to their reserves of vitamin A being too varied and rather too high. The animals in Series II had, along with their mothers, undergone a pre-experimental period of vitamin A deficiency from about the 10th day after birth; further, the mothers themselves had, before maturity, been submitted to a vitamin Adeficient diet for 2-3 weeks. Only animals raised in this manner are used by us for work on vitamin A: the procedure is partly based on a recommendation of Nelson [1928] , to which reference was made in the earlier papers of this series.
It will be observed also that the standard deviation of the values for the males in Series II is less than that of the values in Series I; the difference has a significance level of only 20 % and can therefore be disregarded. Analysis of the results obtained with two similar groups of females (51 in Series I and 48 in Series II) also showed a difference in standard deviation. Here the animals in Series I varied less than those in Series II and the difference has a 1 % level of significance. It is difficult to understand how a procedure-pre-experimental restriction of ingested vitamin A-which has had no effect on the variability of the males can have increased the variability of females.
On the other hand, the correlations observed with males were exactly paralleled in the females. In Series I initial weight was strongly correlated with increase in weight (r=0.343; P=0.015). In Series II this correlation disappeared; indeed it became slightly, though not significantly, negative (r= -0-073). There seems little doubt, therefore, that the pre-experimental treatment of both males and females has had the same effect: cutting down vitamin A reserves to rockbottom has eliminated-at any rate for animals receiving a full stock diet-the normally marked effect of original weight on rate of growth (weight-increase) during the 5th to 16th weeks of life. There seems no reason to doubt that the effect in question would also be eliminated in animals receiving a vitamin A-free diet.
The practical conclusion would seem to be that, if animals are taken direct from unprepared stock for tests involving increases in weight, then they should be arranged in sets of identical initial weight. This conclusion is, in itself, a justification for using litter-mate (isogenic) sets, because variations in weight of animals of the same sex and litter can be seen from a large number of records, our own and others, to be much less than the variations between the mean weights of groups of isogenic animals. In vitamin A assays, however, this special arrangeinent of the animals may be unnecessary, provided that a suitable depletion period has secured that the weight increases of the animals are independent of their initial weights.
Although the figures given in the later part of this paper are derived from a relatively large sample of normal animals, they indicate to how great an extent the variance of a smaller group of animals, receiving an experimental-that is, a deficient-diet, is due to inherent variability that is entirely independent of the experimental conditions imposed during a vitamin assay.
